. g e

NACA CMR 20 @

Oct. 1943
' WA S A

VA2 7
/RS ot z/
/77&%%

ANALYSIS OF THE HIGH-ALTITUDE COOLING OF THE
RANGER SGV-770 D-4 ENGINE IN THE BELL XP-77

AIRPLANE.

by
Jack N. Nielsen and Lloyd E. Schumacher

HN\ACA'-CPER-ZO) ANALYSIS OF 1t 3 - 1

CLCLIMG CF TEE ERAMGER SGV*??(ELEtGEELAQ‘Il‘ié“ggE NEImTC053
Tte I%ELL XP-77 IEELAM Abstract Cnly

Matlcna; ddviscry Ccrmuittee fcr Unclas
Aeronautics. ares Aercrauticel lask.) 13 p 6007 01&7354



WA eRA DM RO PORT

for the
Army Alr ¥orces, Materiel Coimsand
ATALVSIS OF THE HIGH-ALTITUDE CCOLII'™ OF TEZ
RATATR SAV-770 D-I ZNAITE I
TYE BTLL XP-77 AIRPLAYE
By Jack N, Wielsen and Lloyd E. Schumacher

SUMMARY

As a part of a general FACA investigation of the
cooling of the Bell XP-77 airplane, an analysis has been
made of the cooling installation in the high-altitude
XP-77 airplane for the entire altitude range. The
analysis has been based on heat-transfer data taken in

the propeller-research tunnel on the Ranger

SGV-770 C-1R engine. This engine was tested with the
same cvlinders, aluminum fins, and turbulent-flow

baffles proposed for the hish-altitude 36V-770 D-l4 engine.
The cowling pressure measurenents used in the analysis
were obtained in the propeller-research tunnel on the low-
altitude version of the XP-77 airplane eduipped with an
NACA designed cowling. Other cdata h:ave been supplied by
the Rell Aircraft Corporation and Ranger Aircraft Zngines.
The most recent methods developed by the MACA at LVAL have
been used in making the altitude predictions.

The calculations show that the pressure drop available
Is not zuifficient to cool the engine in climb at nmilitary
power above 15,000 feet. The low available pressure 1is
due to tre low airplane speed and the higsh air-flow losses.

Cooling in cruising power at 27,000 feet will be
marginal, The high required pressure drops are due to
the 1low tarrel-flange temperature limit.

The smallest conventional oil cooler with 9-inch
tubes 0.256 inch in internal diawmeiter that will keep the
o1l inlet temperature to the engine below 185° F will have

& diameter of 11 Inches.




The modified lower 'lip of the ACA cowling has t
low a critical speed for satisfactory omeration irn
speed level flignt at altitude. Turther medificat
have “een made to the test airplane to remedy is

IMTRODIICTION

Iate in 19L2 the FACA at the request of the Army Air
Forces and in cleose cooperation with the Rell Aircrafs
Corporation and Ranger Aircraft Xnsines began a general
wind-tunnel investigation of the cooling of the Rell
XP-77 airplane, A full-scale meodel of the airplane
equipped with the low-altitude Ranger SGV-770 C-1 engine
was tested in the propeller-research tunnel. The
effects of several cowling configurations on the avail-
able cooling pressures and the air-flow losses were
studiegd, In addition a heat-transfer correlation,
based on the method of reference 1, was made for the
C-13 engine with aluminum fins and turbulent-flow baffles.
The final results of the cooling pressure measurements
are presented in reference 2, and the final results of
the heat-transfer correlations are presented in refer-
ence 3,

The general layout of the cooling installation in
the XP-77 airplane has been descrived in reference 2.

e power plant 1s an inverted-vee, 12-cylinder, air-
ooled encine. Air for carburetion, engine cooling,
and oil ccoling enters the cowling directly behind the
propellier, This arrangsment permits full utilization
orf the slipstream pressure in cooling the engine.

The low-altitude XP-77 airnlane will be equipped with
a Ranger SGV-T770 C-1B engine. The C-1B engine has the
aluminum fins and turbulent-flow baffles described in
reference 2. The high-altitude XP-77 airplane will be
equipped with a Ranger SGV-770 D-L engine, which has a

Planiol type supercharger. The D-L engine will have

the same cylinder and baffles as the C-13 engine.
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Tre XP-T77 airplane was tested in the propeller-
research tunnel with both a Bell designed cowling and
an NACA designed cowling. Cn the NACA designed cowling
the cooling-air inlet was enlarped and reshaped. The
engine air outlet was moved farther forward and equipped
with guide vanes. The engine-cooling analrsis and the
critical-speed analysis are made from pressure measure-




